We have measured the r lifetime with the Mark II Vertex Detector at PEP. We find rr = (3.20 f 0.41 f .35) x lo-l3 set, which agrees well with e -p -r universality.
The electron and muon couple to the charged weak current with identical strengths to a high degree of accuracy.' A measurement of the r lifetime tests whether it too couples with the universal Fermi strength. Several experiments2-4 have measured the average decay length of r leptons which have been pairproduced in e+e-.
interactions and find the lifetime to be compatible with e-p-r universality within large statistical and systematic errors. Since the r lifetime provides an exacting test of the standard model assumptions,5 it is important to measure it to high accuracy. In this letter we describe a new measurement? of the r lifetime made with a high precision vertex detector in conjunction with the Mark II detector at the e+e-storage ring PEP. This device measures the decay length with a resolution comparable to the expected decay length (680 p at PEP center-of-mass energy 29 GeV) in contrast to the previous measurements which had resolutions about five times worse.
The Mark II vertex detector7 is a high precision, cylindrical drift chamber located between a Beryllium beam pipe and the central Mark II tracking chamber.
The beam pipe, which is 0.6% of a radiation length thick, also serves as the inner wall of the chamber so as to minimize multiple coulomb scattering. The chamber is 120 cm long and has seven axial layers of drift cells, four of which are just outside the beam pipe at an average radius of 11.2 cm, and the remaining three at We measure the r lifetime by measuring the displacement of its three-prong decay vertices from the point where the e+ and e-beams collide. Since the r is produced with the known beam energy, the average displacement is proportional to the lifetime.
Tau production is so distinctive at high energies that events can be selected with very little background. We find three-prong r decays by choosing chargebalanced two jet events with 1+3 or 3+3 charged prong topologies. We require that there be at least one three-particle combination with unit charge and an invariant mass between 0.7 GeV/c2 and 1.5 GeV/c2 calculated assuming the prongs to be pions. To eliminate beam-gas backgrounds and suppress contamination from two-photon r-pair production, we demand that the total charged plus neutral energy in the event exceed 25% of the center-of-mass energy and that the energy of the three-particle combination exceed 3.0 GeV. We suppress hadronic backgrounds by requiring the invariant mass of the charged and neutral particles in each jet be less than 2.0 GeV/c2. To guard against radiative Bhabha scattering, we require the total charged energy in the event to be less than 85%
of the center-of-mass energy, and the three-particle invariant mass calculated assuming that each prong is an electron to be greater than 300 MeV/c2. Using Monte Carlo methods, we estimate that 4 f 2% of the selected decays are misidentified hadrons, and 4 f 1% of the events are r pairs produced via the two-photon mechanism. Backgrounds from radiative QED events and beam-gas processes are negligible.
A total of 621 three-prong decays are selected with the above criteria. We next impose several tracking quality cuts. Each of the three tracks must extrapolate to within 5 mm of the beam position in the plane perpendicular (x-y) to the beams and to within 5 cm of the vertex formed from all the tracks in the event in the direction along the beams. To minimize both scattering and decay probabilities, we require each track to have momentum greater than 400 MeV/c.
We further require that each track has been measured in at least two of the inner vertex detector layers, and at least one of the outer layers. Finally, each track fit must have an overall x2 per degree of freedom less than 5, and the x2 per degree of freedom from the vertex detector must be less than 4. This leaves 185 decays suitable for vertexing.
The most probable decay length is determined from the position of the decay vertex, the beam position, the r direction, and the errors in these quantities.
We find the decay vertex position and its errors in the x-y plane from the parameters of the three particle trajectories with a chi-square minimization procedure. Requiring the vertex x2 to be less than 15 for 3 degrees of freedom leaves 180 decays. This x2 distribution is somewhat broader than we expect from our known tracking errors, and we have therefore increased our estimate of the vertex position errors by 10 % . The uncertainties in this procedure are included in the systematic errors discussed below.
The r direction is approximated quite closely by the direction of the threepion system since that system is slow in the r rest frame, and the r is highly relativistic in the laboratory.
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The decay length is then e = e,/sint9, where 8 is the angle between the three-pion direction and the beam direction. The resolution in the decay length depends on the opening angles, track momenta, and orientation of each decay. It varies between 500 and 1800 p for most decays and averages 1100 cr. After requiring the resolution to be less than 1700 p, we are left with 156 decays for study. Fig. 1 shows their decay length distribution.
The mean of the distribution is 679 p, and its shape is asymmetric, showing the expected long lifetime tail.
We use a maximum likelihood fit to determine the average decay length. The fitting function is the convolution of an exponential decay distribution with a Gaussian resolution function whose width 61 is calculated event by event. The result of the fit depends on both the width and the potential offset of the resolution function, so we have checked those quantities with two different methods. The first is from a study of "pseudotau decays" in hadronic events. For this study, we select three-track combinations in hadronic events which pass our tracking criteria and which have kinematic properties like the threepion r decays. We systematically exclude any track which may come from K,O decay and the highest momentum track in a jet to suppress contamination from events with secondary vertices. Figure 2a shows the decay length distribution for the "pseudo-tau decays.n This distribution is peaked near zero decay length with some excess of events at positive decay lengths. The fitted mean decay length is 72 f 38 1-1.
We have simulated this measurement with Monte Carlo techniques and find that the presence of charm and bottom decays give decay lengths in the range 50 to 150 p, depending on the D+/D' ratio and the lifetime of bottom hadrons. This confirms that there is little if any offset in our resolution function. Figure 2b shows the distribution of decay lengths of the pseudo-tau events divided by their errors. The distribution is represented nicely by a unit-width gaussian, which is also shown in the figure. A fit confirms that our calculation of the width of the resolution function is correct to the 5% level. Our second method for checking the resolution function is to fit the observed r decay length distribution for the width or offset of the resolution function in addition to the decay length. We find the offset to be consistent with zero, 83 f 128 p(; the factor which scales the width of the resolution function is 1.00 f .085. So the data are consistent with our choice of resolution function.
The result of the maximum likelihood fit to the r decay length distribution is 705 f 87 p, where the error is statistical only. The fit is shown superimposed on the data in Fig. 2 , and describes the data adequately. Correcting the decay length for backgrounds (+30~) and noting that initial state radiation lowers the average r energy from 14.5 to 13.8, we find r7 = (3.20 f 0.41) x lo-l3 sec.
We have investigated several potential sources of systematic error. The first 
